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>
ABSTRACT / 5 '

tudies during this quarter have been concerned with measurements of adhesion
between various silicate minerals whose surfaces have been formed in wltra-
high vacuun by cleavage. The adhesion force has been investigated as a function
of time at and degree of vacuum. It has been found that in most cases vacuum
cleavage produces considerable surface electrostatic charging. Also, indications
were found that the normal silicate atomic bonding forces were contributing to
the adhesion. In all cases, the magnitude of the adhesion was considerably

greater than that found for air-formed surfaces.

At present, the mechanism(s) responsible for the surfece charging is not known.
-Possibilities are that 1t is produced by breakage of the atomic bonds resulting
in electron deficiencies and excesses (this could be a randam or non-random
effect), that it is caused by charged dislocation migration under the permerert
strains produced during cleavage, or that it could be a pseudo-piezoelectric

effect.

Many more data are requiréd before the processes acting to produce the observed

adhesion can be determined with certainty.




1.0 ZIITRODUCTION
1.1 Cerneral
EaeL AL

This report presents a summary of work accomplished during the period July 1,
1965 through September 30, 1966 on the study of the ultra-high vacuwm frictional-
adhesional behavior of silicates as related to the lunar surface. This work is
being conducted for the Office of Advanced Research and Techrnology, FNational

Aeronautics and Space Administration, under contract NAS T-307.

tems of note during this quarter are first the addition of Dr. J. J. Grossman
to the staff and, second, the publication in the September 15, 1966, issue of
the Journal of Geophysical Research of some of the resulis obtained to date.
Dr. Grossman received hils degree in Physical Chemistry and has worked for a
nunber of years in the fields ofvSurface Chemistry and Solid State Physics.

He will be concerned with theoretical interpretation of the adhesion data as

well as'ﬁéibihg to’guide the course of the experimentation.

1.2 Pﬁtp;éé'aﬁd,Imforgance'of thevfrogram'

The primery purposé of this program is to obtain qpantitéxive experimental -
data concerning the ultra-ﬁigh vacuun adhesional-frictional behavior of the
materials which may presently exist at the lunar surface (believed to be
primarily silicates), and to cbtain similar data for adhesion between those
lunar surface materials and othef engineering materials which may be placed
upon the surface. Additional purpoées of this program are fo analyze these
data with %egard to the possible reactions of granular lunar materials to
engineer&ng operations, and ﬁo investigate means by which any problems posed

by these reactions may be minimized.




The importance of this program is that adhesional-frictional ohenomena nay

DoOse serious problems to lunar surface operations.

1.3 Apvroach

The approach used during this quarter has been to produce the silicate
surfaces at Wbtra-high vacuun and measu.fe the resultant adhesion force as

a function of time at vacuun and degree of vacuum. The vacuum-formed sur-
faces have been used since they are representative of a possible upper bound

to the range of lunar adhesional phencmena.

2.0 INSTRUMENTATION

The instrurentation used during this quarter was essentially the same as that
reported for the previous quarter (Ryan, 1966). In summary, the pumping sys-
tem consists of a bank of three sorption pumps and a 200 1 sec™® ion pump.

The chamber is o:t‘ 304 stainless steel.. Pressure is monitored with a nude
Baya.rd-Alpert ga.ge. Ad.hesion force is measured by means of a mechanical spring
with the spring extension determined by a cathetometer. Cleavage is obtained

by wedging the sample apart in the vieinity of a previously cut notch.

3.0 EXPERIMENTAL DATA

3.1 Gas Bursts During Cleavage —

It was reported in the previous quarterly report that a gas burst occurred
during each cleavage. At times this was sufficient to ralse the pressure
into the 10-8mm Hg range. 'It was noted that this could be caused by

1) vibrations induced into the ionization gage and leads, 2) the opening of
microcracks, possibly to the outside of the system, 3) gas desorption from

the charmber walls produced by the impact, or 4) gas release fram the newly




formed silicate surfaces.

In this quarter it has been found that vibration of the ionization rage and
leads does give a spurious pressure rise indication, as expected, but that
this is easily recognizable due to the very rapid decrease of the preséure
irdication to its previous value after vibration ceases. Most of the pres-
sure surges indicated this behavior to & degree in that the iritial sharp

se was followed

by an immediate drop to an intermediate pressure, but
subseqguently the pressure dropped slowly indicating that one or more addi-

tional processes were acting.

We then ilnvestigated whether the pressure bursts could be produced without

actual cleavage. This was done by impacting the cleavage device while not

in contaét“ﬂith #he‘samplb,;and by impacting the vacuum system at various

‘f;st every occasion pressure bursts were produced

Ly entioal_to those produced during cleavage. From
1 ;? %he sample was not responsible (this does not

mean that gas could not be ccming from the sample, but rather that if it is,

it is obscured by other processes).

The various system components were then helium leak tested while being inm-
pacted. No indications of a micro-leak were'found. It appears hence that
the most.likely explanation is that the pressure bursts are caused by

vibration-induced desorption from the chamber walls.

In order to reduce this problem, we have modified the cleavage technique so
that rather than impacting the cleavage device we apply a gradually increas-
ing pressure to it, thereby wedging the sample apart. With this modification,

we are gererally able to keep the pressure from rising above the mid 10-10 mm




T yyre
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Tote: Zor Run 46, in progress at this writing, no pressure
occurred/.
It eppears that at some time in the future a residual gas analyzer should be

incorporated into the system to determine the tynes of zas being released

during the bursts.

3.2 Copper Contamination

We have found on occasion that copper flakes have been deposited on the sample
surfaces. It has been determined that these came from the top copper gasket‘
and probably are deposited while the gasket seal is being opened to remove the
samples, However, to reduce any uncertainty as to time of deposition, we have
begun»c;egpinglﬁhe‘gasket seat after each run. Should this not prove to be

) . modify the chamber so that the samples are shielded from

T

i

Sevén"sﬁééeséful'vacuumf¢1§aviée»runs were made during this quarter. The

~ pertinent experimental conditions are given in Table I.

Run #39 Cleavage Along Labradorite (OOL) Plane

After cleavage the upper sample rotated 30-%00. The cleavage surface was
poor in'ihéx a'ﬁdmber of noticeable steps were present with one relatively
large prohg sticking up from the edge of the lower sample. The samples were
then bréught into contact; the aligmment was poor in that the upper sample
was displaced from the lower sample with the apparent contact area being only
about one fifth the total sample area. The first measurement of adhesion was
made four minutes after cleavage and resulted in a force of 0.9 guns. Only a

slizht indication of a long range force was detected, and its magnitude was




slizitly below measurement capsbility <0.1 ga). The alignment was then im-
proved and further adhesion measurements were made. The adhesion force was
found ‘o decrease rapidly with time, leveling off at 0.4 gms after about 10
minutes. Attempts were made to apply a lcad force in order to measure the
load dependence of the adhesion. These attempts were unsuccessful due to

the irregularity of the cleavage surfaces. The system was maintained at vacuum
for 157 hours after cleavage during which time only a slight further decrease
in adhesion magnitude occurred. All indications of adhesion disappeared upon

admnission of nitrogen to the system.
The data obtained are presented in Figure 1.

Run #’40 Cleavage Along Microcline (00l) Plane

After cleavage ther upper sample rotated about 15 . Prior to recontact with

the lowér fff ' the‘npper sample inadvertently contacted the copper base
plate;*jit anhered sh;onglybto this, but no measurement of the adhesion magni-
tude was dbtained. Firsﬁ samp&e contact was made 20 minutes after cleavage.
The adhe51on fbrce was 0.1 gm, and there were no indications of a long range
force. This adhesion remained constant over the next four hours, at which

time the run was terminated. Microscopic studies showed the presence of copper

flakes adhering to high spots on both semples.

Rﬁn 71 Cleavage Along Andesine (OOL) Plane

After cleavage the upper sample rotated about 40° and within one minute
recontacted the lower sample. Tne cleavage surfaces had several large stéps
on them so that contact was poor. The first measurement of adhesion gave an
adresion force of 0.9 gm. The force decreased over the next 20 minutes to
about 0.3 gm. It thereafter decreased very slowly to & value of about 0.1 gn

over e period of 42 hours. Only very slight indications of & long range force

&




were detected., All indications of adiesion disappeared upon adnission of nitro-

gen to the systen.
The data obtained are presented in Figure 2.

Run #L2 Cleavege Along Labradorite (0O1) Plane

After cleavage the upper sample rotated about 40° and recontacted the lower
sauple within one minute. The cleavage surfaces were the poorest of any
produced to date, being very irreszular ahd having more the appearance of
fractured surfaces. Contact between the two surfaces was solely at a raised
area ncar the center of the lower sample, and the surfaces over the greater
part of their area were separated by several tenths of a millimeter. Initial

——

measurement of adhesion, about 7 minutes after cleavage, gave an adhesion force

of abo@ﬁ 6igmamék;'0nly a very slight indication of a long range force wes

the clea‘age devi wasjbrought‘into the vicinity of the upper sample to see

whether the sample would be axtracted to it (such attraction had been noted
in previous runs, reported.in the last quarterly report). No attraction was

noted.
The data dbtainéd are presented in Figure 3

Run #43 Cleaﬁége Along Labradorite (OOL) Plane

After clesvage the upper sample rotated about hSo and recontacted the lower
semple within one minute. The first measurement of adhesion, made 18 minutes
after cleavage, éave a foréé of 1.5 gm. This decreased to 1.0 after 8 minuées.
The lower sample was then rotated so that it was about 50 from ataomie mateh in

orientation with the upper sample. The adhesion force immediately increased to




about 2.8 gu. A distinet long range attractive force was then noted, which
was sufficiently strong to bring the samples into contact at separations less
than about 1 mm. The chisel was brought to the upper sample; no attraction
of the sample to the chisel was detected. It was also noted that for the 50
aligrnment the upper sample, as it approached the lower sample, would rotate

into what appeared to be atamic match (Oo) as it was pulled into contact.

The lower sample was then rotated into various positions of atamic mismatch
in crientation and it was found that upon doing this, the magnitude of the
adhesion force decreased scmewhat, and no indication of o long range force
could be detected, The samples were then rotated back to the 50 orientatioh
and the resultant observations were the same as reported previously. The

system was maintained &t vacuum for about 330 hours after cleavage, during

..,

which" tim :thc adhesion fbrce‘decreased slightly. The data up to T = 330

¥

hours'

At T = 330 hours the lon pump was turned off, allowing the system pressure to
rise slowly. In 30 minutes the pressure had risen to 9 x 102 1m Hg. The
adhesion force was much smaller,'as was the long renge force. The pump was

then turned on, the system pumped to 1.8 x 10710

» and the adhesion measured.
it was #ound that both the adhesion and long range force were still small.
However, within 20 minutes the adhesion force had increased to its previous
value, whereas the long range force remained small. The pump was then cycled
a second -time with similar results except that the adhesion did not recover.
Finally, the pump was turned off again and small bursts of nitrogen were ad-
mitted to the system. Detectable, but small, adhesion remained to a pressure

ol .10'1+ rm Hg. At this point the system was let up to atmospheric pressure and

all indications of adhesion disappeared. The data obtained are presented in

8




s 44 Cleavaze Along Labradorite (OOL) Plane

Follciwainz cleavage the upper sanple rotated about LSO. The Tirst reasurezernt
was cotained about 12 minutes after cleavage; the adhesion force was about

0.8 zm. The next measurement was not made until 20 hours later due to exper-
imental difficulbties and the adhesion force was 0.2-0.3 gm at that time. The
force decreased slowly thereafter, falling below measurement capability sifter
about 7O hours. Some indications of a very weak long range force were detected

during the early stages of the run.

Run f’S Cleavabe Along Labradorite (0OOl) Plane

Following gleawage the upper sample rotated ebout 30°. The first adhesion

5'minutes after cleavage, giving a force of 0.3 gm.

#ﬁ&nazkibrce was present. The adhesion force decreased
slowly to 0.1 gm over a period of 55 hours, at which time the experiment was
termlnated. The long range fbrce remained moderately strong for about 1l hour
after cleavage. Thereaﬁer, 1t decreased rapidly to barely detectable. The

data obtained are presented in Figure 6.

Figure'T presents a summary of the data from all runs, plotted to a cammon
scale. |

4,0 DISCUSSION

In the previous quarterly report, it was concluded that
a. More than one process is acting to produce the observed adhesion

between the vacuum produced surfaces.



Y. The higher magnitude adhesion appearing initially after cleavage
is possibly caused by the action of the normal atomic bonding forces,
bubt that surface electrostatic charging is definitely active.
The Tindings during this quarter tend to substantiate these conclusions, though

it is evident that many more data are required.

4,1 Tyve of FPorce Acting

Three types of force can act to produce adhesion between vacuum-formed surfaces.
esc are: the normal atamic bonding forces, the dispersion forces, and surface

electrostatic charging-produced forces.,

From the data obtained to date, it is concluded that surface charging is indeed
acting. The evidence for this is the presence, in most cases, of an attractive
force whose range of effectiveness greatly exceeds that of either of the other

possible forces.

The vehavior of this charging has been found to be highly variasble. At tines,

it has appeared to be quite strong; in other instanées, it ﬁas very weak or un-
detectable. In same cases, the surfaces appeared to have a significant net charge;
being attracted to any metal in the vicinity; in other instances, no such attrac-
tion was detectable., For one run; the charge seemed to have a distinet geametric
arrangement on a macroscale iﬁ that it would physically rotate the upper sample

into "atomic" aligrment with the lower sample.

In the previous report it was noted that these charges are probably produced
through breakage of the atomic bonds with the resultant charge separation, -
and that this could result in elther a random or non-randam charge distribution.

If random, the magnitude of the resultant adhesion would vary greatly for runs

10
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g . Tound to be the case. Howvever,
the precise nature of the causal agent is less clear now than it was at the
time of the previous reporxrt. The reasons for this increased uncertainty are

N
m el A
lVC'} CeLCW.

The surfaces of the cleaved samples have been carefully studied and it has
been found that permanent stress deformation is present in every case. There
are two main stressed areas, one at the point of cleavage and one opnosite
this point. A third, secondary stressed area is often found to one side or
the other of the cleavage notch. This area appears to be due to variations
(non-symnetry) in inserting the ¢hisel into the notch. If the hypothesis

that dislocations can cerry thelr charge with them is correct, then the ob-

served Stress patterns would suggest that dipole, quadrapole, and/or hepapole

ua.y form on the cleavage surface. This could account for the

trans]stional orienta.tion force observed during Run #h3. In | s
,-;it had 'been concluded previously that piezoelectric effects could
not be responsible for the charge production since all minerals used possess

a center of synune'bry. However,{ it is possible that with the stra.ins present
during cleavage a second order piezoelectric effect could produce a polari-

zation which becomes permanent, across the interface, after cleavage.

With the present uncertainties as to the cause(s) of the surface charging,
it appears evident that an electrometer-probe should be inserted lanto the

system as soon as feasible to plot the charge distribution.

It was concluded in the previous quarterly report that the normal atamic
bonding forces may be contributing to the adhesion. The only reasonably

direct information about this was the finding of material transfer to the




upper sample after 1t contacted the metal bucket (Run 728 of previous report).
All the ovher observations were indirect. These included the noted repid de-
crease in adhesion force with time campared to the constancy of the long range
force over this same time period; and the considerable surface rousghness for

some of the runs (indicating that dispersion forces were not prirarlily respon=

sible).
AJIILL - : s
Addivional infomoticn obltained during this guarter, also indirect; is:

1) Runs of considerably different surface roughnesses and strength of the
long range force showed similar adhesion magnitude, and 2) Run #43, where

the system pressure was varied, showed that the adhesion force recovered

10

the Tirst time the system was returned to 10~ mm Hg while the long range force

did not,”

more data are required before these uncertainties can

&cuh.r, a8 noted earlier, an electrameter-probe should

.'be inserted intotheSysten to obtain information regarding the charge dis-
tribution. Also, bthe'kspﬁ“xifg measuring device should be replaced by a rigld
strain gauge mounting so that the force-distance profile for the long range
force can be detiezﬂmined. - Finally, means should be incorporated into the system
for disché.rging the éurfaées s0 that the contribution to the adhesion of the

normal atomic and./or dispersion forces can be separated fram the charging effect.

4.2 Time After Cleavage, and Pressure Effects

The pertinent data for time after cleavage effects are shown in Figures L
and 7. In general, the force of adhesion decreases rapldly during the first
20 ninutes, Thereafter, it decrecases very slowly over the duration of the

run {meximus run length = 330 hours). Between measurements the samples are

12




xposed Vo the aublent envirorment. The mini-
mum time for monolayer formatlon at the experimental pressure is about 3 hours.
Hence, it is seen that the adhesion is relatively insensitive to the gradual

accuzulation of edsorbed gas atoms on the surface.

The effect of ambient pressure on adhesion force is shown in Figure 5. It

is seen that the adhesion magnitude Gecreased rapidly when the systen pressure
was increased to 10-8 mn Hg. Upon re-evacuation to 10°1° mm Hg, it recovered
in aboul 20 minutes. Taking the system to 10'8 mn Hg caused & second sharp
drop. <Zhe adhesion force, however, did not recover with the second re-
evacuation. Subsequently, measurable adhesion remained until air was admitted
to the systgn; from-a pressure of :LO-Z'L mm Hg. The persistence of some dégree of

_adhesio,@ ;xbothelo-hmm Hg Tange for this run is explainable on the basis of

a.s no rotation occwrred, the sample surfaces were well

e

matcheda,, It maar a.lso be ‘explainable on the basis of surface charging, but this

latter possibility cannat ‘be eva.luated untll we arrive at a better understanding

as to the cause and nature of this charging.

4,3 Ges Bursts Versus Magni‘tude of Adhesion

The data from Table I and Figure T show generally that th_e larger the gas burst,
the lower the vma'.gnitude of the initial adhesion. This indicates a definite con-
‘camination effect and hence larger magnitude adhesion may be observed if the gas

bursts can be eliminated.

5.0 COoUCLUSIONS
The Tcllowing conclusions for the vacuum formed surfaces apply et this time:
a. More than one type of process appears to be responsible for the

observed adhesion.
13




One of these is surface electrostatic charging; the cause of this
charging 1s not known; it may be associated directly with breakage
of atamic bonds across the interface, or it may be the result of

stresses produced during cleavage.

The normal atcmic bonding forces may be active, particularly within
the first hour after cleavage.
Dispersion forces probably meke & negliuible contribubicn to the
. . o . "
adhesion, except possibly for those runs at O orientation.

Further»sﬁudies should include the installation of an electrometer

to map the surface charge, a rigid force measuring nount to obtain

Torce-distance plots, and a means for discharging the surfaces.

1k
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Ryan, J. 4., Experimental Investication of Ultra-High Vacuum Adhesion as
Related to the Lunar Surface, Eigoth Quarterly Progress Report and Seccnd
Year Swmary, Douslas Report DAC-59288, 1966,
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